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013.03.0Abstract Time is one of the major considerations throughout project management life cycle and
can be regarded as one of the most important parameters of a project and the driving force of pro-
ject success. Time delay is a very frequent phenomenon and is almost associated with nearly all con-
structing projects. However, little effort has been made to curtail the phenomenon, this research
work attempts to identify, investigate, and rank factors perceived to affect delays in the Egyptian
construction projects with respect to their relative importance so as to proffer possible ways of cop-
ing with this phenomenon. To achieve this objective, researcher invited practitioners and experts,
comprising a statistically representative sample to participate in a structured questionnaire survey.
Brain storming was taken into consideration, through which a number of delay factors were iden-
tiﬁed in construction projects. Totally, ninety-nine (99) factors were short-listed to be made part of
the questionnaire survey and were identiﬁed and categorized into nine (9) major categories. The sur-
vey was conducted with experts and representatives from private, public, and local general construc-
tion ﬁrms. The data were analyzed using Relative Importance Index (RII), ranking and simple
percentages. Ranking of factors and categories was demonstrated according to their importance
level on delay, especially after 25/1/2011 (Egyptian revolution). According to the case study results,
the most contributing factors and categories (those need attention) to delays were discussed, and
some recommendations were made in order to minimize and control delays in construction projects.
Also, this paper can serve as a guide for all construction parties with effective management in con-
struction projects to achieve a competitive level of quality and a time effective project.
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021. Introduction
In most countries, experience and the literature revealed that
successful construction projects should be completed before
project due dates and within budget. Therefore, causes of time
delay are of critical importance to the proﬁtability of most
construction projects. Many researchers, in the literature, have
identiﬁed these problems as factors that affect the delay inaculty of Engineering, Alexandria University.
388 R.F. Azizconstruction projects and will affect company’s performance
and overall economy of the country as well. The delay in con-
struction projects by many factors is usually linked to the per-
formance of time, cost, and quality. Meanwhile, identiﬁcation
and evaluating factors causing delay in construction projects
have been carried out in the last decade; however, a deeper
understanding is still needed to improve that. A construction
project is commonly acknowledged as successful when it is
completed on time, within budget, in accordance with speciﬁ-
cations and to stakeholders‘ satisfaction [1]. In construction
industry, contractors tend to maximize their proﬁt for market
growth. To achieve this aim, it is crucial for contractors to
carefully identify the factors that affect the success of project
and estimate their impacts before bidding stage. Construction
projects may differ in size, duration, objectives, uncertainty,
complexity, pace, and some other dimensions. Delay means
non-completion of project within the speciﬁed duration agreed
upon in contract. It is widely accepted that construction pro-
ject schedule plays a key role in project management due to
its inﬂuence on project success [2]. Delays are common in var-
ious construction projects and cause considerable losses to
project parties. The common results of delays are as follows:
(1) Late completion of project; (2) Increased cost; (3) Disrup-
tion of work; (4) Loss of productivity; (5) Third party claims;
(6) Disputes; and (7) Abandonment or termination of con-
tracts. Therefore, delays in construction projects give rise to
dissatisfaction to all involved parties [1]. Most correspondents
agreed that ﬁnancial difﬁculties faced by the contractor and
too many change orders by the owner are the leading causes
of construction delay. Severe weather conditions and changes
in government regulations and laws ranked among the least
important causes [3]. Therefore, the objective of this research
is to identify and rank the relative importance of factors per-
ceived by owners, consultants, managers, engineers, and con-
tractors to cause delay in construction projects in Egypt. The
outcomes can be used by not only local, but also international
industry practitioners, who may be further interested in ven-
turing into potential mega scale projects, but possess no prior
practical knowledge of the construction industry specially con-
struction ﬁrms in Egypt. The outcomes can help all practitio-
ners to develop wider and deeper perspective of factors
causing delay in construction projects and provide guidance
to projects and construction managers for efﬁcient solutions.
The literature has identiﬁed several factors causing delay in
construction projects that the researcher has explored in this
study. This research ranks the factors causing delay in con-
struction projects in Egypt and explores them by using statis-
tical methods. The following sections present the literature
review, research methodology, results with discussions, and
conclusions with recommendations.
2. Literature review
Construction industry has a very poor reputation in coping
with delays. Delay analysis is either ignored or done subjec-
tively by simply adding a contingency. As a result, many major
projects fail to meet schedule deadlines [4]. In Indonesia,
Trigunarsyah [5] identiﬁed that only 47% of the projects were
completed within the schedule, 15% ahead of schedule, and
38% were behind schedule. As the process of construction pro-
ject is very complicated with combination of various parties’
endeavors, many stages of work carrying a long period tillthe completion [6]; there are many factors that contribute with
delay causes in construction projects. Sambasivan and
Soon [7] investigated the causes and effects of delays facing
in the Malaysian construction industry. A questionnaire was
designed and distributed among the three major groups of par-
ticipants (Owners, Consultants, and Contractors). They
identiﬁed main causes of delay and ten (10) most important
causes were as follows: (1) Contractor’s improper planning;
(2) Contractor’s poor site management; (3) Inadequate
contractor experience; (4) Inadequate owner’s ﬁnance and pay-
ments for completed work; (5) Problems with subcontractors;
(6) Shortage in material; (7) Labor supply; (8) Equipment
availability and failure; (9) Lack of communication between
parties; and (10) Mistakes during the construction stage. They
identiﬁed main effects of delay and they were as follows: (1)
Time overrun; (2) Cost overrun; (3) Disputes; (4) Arbitration;
(5) Litigation; and (6) Total abandonment. As an important
contribution, they also studied the empirical relationships be-
tween the causes and the effects of delays. Various researchers
have examined and identiﬁed delay causes in construction pro-
jects. Some of these studies in the literature were presented be-
low. Baldwin and Manthei [8] investigated the reasons for
delays in building projects in the United States. They indicated
seventeen (17) delay factors. Their study concluded that weath-
er, labor supply, and the subcontractors are the three major
causes of construction delays. Arditi et al. [9] studied the rea-
sons of delays in publicly funded construction projects within
the period 1970–1980 in Turkey. They concluded twenty-three
(23) reasons for construction delays. Their ﬁndings indicated
that the delays were due to the following: (1) Shortage of mate-
rials; (2) Difﬁculty in receiving payments from agencies; (3)
Contractor’s difﬁculties; and (4) Organizational characteristics
of construction companies and public agencies. Gunduz et al.
[10] identiﬁed the delay factors in construction projects, since
delays are considered to be a serious problem in the construc-
tion industry. Through detailed interview with experts from
Turkish construction industry, a total of eighty-three (83) dif-
ferent delay factors were identiﬁed. The identiﬁed delay factors
were categorized into nine (9) groups. The demonstration of
these groups of delay factors was achieved by utilizing the
Ishikawa (Fish Bone) diagram as it is capable of showing fac-
tors, interrelations between different groups of factors, and
consequences affected from factors. They quantiﬁed relative
importances of delay factors and demonstrated the ranking
of the factors and groups according to their importance level
on delay. According to the computed relative importance indi-
ces (RIIs), all factors and groups were ranked, and they ad-
dressed the most signiﬁcant factors and groups to cause
delays. Ubaid [11] discussed the performance of contractors
as one of the major delay causes. He related thirteen (13) major
delay factors to contractor resources and capabilities. The de-
lay causes and cost overrun were studied by Mansﬁeld et al.
[12] in construction projects in Nigeria. They identiﬁed sixteen
(16) major factors. According to their ﬁndings, the most signif-
icant factors were as follows: (1) Financing and payment for
completed works; (2) Poor contract management; (3) Changes
in site conditions; and (4) Shortage of materials and improper
planning. In their study, Assaf et al. [13] studied the delay
causes in large building construction projects in Saudi Arabia.
They identiﬁed ﬁfty-six (56) delay causes and grouped them
into nine (9) major categories. They concluded that the most
signiﬁcant delay factors were as follows: (1) Approval of shop
Ranking of delay factors 389drawings; (2) Delays in payment to contractors resulting from
cash problems during construction; (3)Design changes; (4) Con-
ﬂicts in work schedules of subcontractors; (5) Slow decision
making and executive bureaucracy in owner’s organizations;
(6) Design errors; (7) Labor shortage; and (8) Inadequate labor
skills. Chan andKumaraswamy [14] conducted a survey to eval-
uate the relative importance indices of eighty-three (83) poten-
tial delay factors which were grouped into eight (8) major
categories in Hong Kong construction projects. The results of
their research indicated that the ﬁve (5) principal and common
causes were as follows: (1) Poor site management and supervi-
sion; (2) Unforeseen ground condition; (3) Low speed of deci-
sion making involving all projects team; (4) Owner initiated
variations; and (5) Necessary variation of works. Kaming
et al. [15] examined thirty-one (31) high-rise projects in Indone-
sian construction projects. They identiﬁed eleven (11) variables
of delays. They pointed out that themost important factors were
as follows: (1) Design changes; (2) Poor labor productivity; (3)
Inadequate planning; and (4) Resource shortages. Mezher and
Tawil [16] carried out a survey about the delay causes in the con-
struction industry in Lebanon. The survey included sixty-four
(64) delay causes, grouped into ten (10) major categories.
According to their ﬁndings, (1) Financial issues; (2) Contractors
regarded contractual relationship; and (3) Project management
issues were the most important delay causes. Assaf and Al-Hejji
[17] studied the delay causes in large construction projects in
Saudi Arabia. In their study, they identiﬁed that seventy-three
(73) delay causes exist in Saudi construction projects. Delay fac-
tors were grouped into nine (9) major categories with different
levels of importance to different parties, and the most common
cause of delay, identiﬁed by all the three parties, was change or-
der. Fugar and Agyakwah-Baah [18] focused on delays for con-
structing building projects inGhana. The study sought the views
of owners, consultants, and contractors on the relative impor-
tance of the factors that cause delays in building construction
projects in Ghana. The study showed that all the three groups
of respondents generally agreed that out of a total of thirty-
two (32) factors the top ten inﬂuencing factors in causing delay
arranged in descending order of importance are as follows: (1)
Delay in honoring certiﬁcates; (2) Underestimation of the costs
of projects; (3) Underestimation of the complexity of projects;
(4) Difﬁculty in accessing bank credit; (5) Poor supervision;
(6) Underestimation of time for completion of projects by con-
tractors; (7) Shortage of materials; (8) Poor professional man-
agement; (9) Fluctuation of prices/rising cost of materials; and
(10) Poor sitemanagement. The thirty-two (32) factors were cat-
egorized into nine major groups and were ranked. The results
show that owners, consultants, and contractors all agreed that
the ﬁnancing group of delay factors was themost inﬂuential fac-
tor.Material factorswere considered the secondmost important
factor causing delay in construction projects followed by sched-
uling and controlling factors. Haseeb et al. [19] mentioned the
thirty-seven (37) factors that cause delay and their effects on
the success and completion of project and grouped into seven
(7) groups. The most common factor of delay is natural disaster
in Pakistan like ﬂood and earthquake and some others like
ﬁnancial and payment problems, improper planning, poor site
management, insufﬁcient experience, shortage of materials,
and equipment. They covered the delay factors and causes of de-
lay and some suggestion for reducing these delays in large con-
struction projects in Pakistan. Soliman [20] mentioned the
causes of delays in Kuwait construction industry, and thirty(30) of experts were interviewed to determine the causes of de-
lays and their level of effect. Twenty-nine (29) causes were cho-
sen and were divided into six (6) groups of delay, and the study
revealed that the ﬁnancial and design causes are themost impor-
tant and frequent delay causes. Han [21] and Dikmen et al. [22]
assumed that a total number of twenty-three (23) risk factors
stemming from project and country levels lead to cost overrun
risk. According to their risk model, nine (9) factors were affect-
ing country risk, and fourteen (14) factors were causing project
risk. They proposed a fuzzy risk assessment methodology to
quantify cost delay risk in construction projects and developed
a tool to implement the proposed methodology. A computer
program was developed for an international construction com-
pany, and applicability of this system, during risk assessment at
the bidding stage, was tested by using real company and project
information.
Identiﬁcation and categorization of delay factors by synthe-
sis of the existing literature (in alphabetical order) are as follows:
(1) Consultant Related Factors category was identiﬁed as one of
the delay causes groups in construction projects. Several studies
have identiﬁed consultant related factors causing delays
[23,24,17,10]. Based on these studies, the researcher identiﬁed
eight (8) factors of consultant related delays; (2) Contractor Re-
lated Factors category was identiﬁed as second group of delay
causes. Several studies have identiﬁed contractor related factors
causing delays [25,14,26,23,24,17,10]. Based on these studies,
the researcher identiﬁed thirteen (13) factors of contractor re-
lated delays; (3) Design Related Factors category was identiﬁed
as another group of delay causes. Several studies have identiﬁed
design related factors causing delays [14,17,27,10]. Based on
these studies, the researcher identiﬁed eleven (11) factors of de-
sign related delays; (4) Equipment Related Factors category was
identiﬁed as fourth group of delay causes. Several studies have
identiﬁed equipment related factors causing delays
[25,14,26,23,24,17,10]. Based on these studies, the researcher
identiﬁed seven (7) factors of equipment related delays; (5)
External Related Factors category was identiﬁed as another
group of delay causes. Several studies have identiﬁed external re-
lated factors causing delays [25,28,23,24,29,17,10]. Based on
these studies, the researcher identiﬁed seventeen (17) factors of
external related delays; (6) Labor Related Factors category was
identiﬁed as sixth group of delay causes. Several studies have
identiﬁed labor related factors causing delays [25,14,26,23,17].
Based on these studies, the researcher identiﬁed nine (9) factors
of labor related delays; (7) Material Related Factors category
was identiﬁed as another group of delay causes. Several studies
have identiﬁed material related factors causing delays
[14,26,23,30,31,29,17,10]. Based on these studies, the researcher
identiﬁed nine (9) factors of material related delays; (8) Owner
Related Factors categorywas identiﬁed as eighth group of delay
causes. Several studies have identiﬁed owner related factors
causing delays [25,23,24,31,17,10]. Based on these studies, the
researcher identiﬁed nineteen (19) factors of owner related de-
lays; and (9) Project Related Factors category was identiﬁed as
ninth and ﬁnal group of delay causes. Several studies have iden-
tiﬁed project related factors causing delays [14,21,17,22,10].
Based on these studies, the researcher identiﬁed six (6) factors
of project related delays.
Previous studies mentioned above were generally focused
on ﬁnding delay causes. Some of these studies identiﬁed very
lacking factors or ignored some important categories. This
may be misleading or may result in wrong analysis. In this
390 R.F. Azizpaper, through the comprehensive literature review and inter-
views with two thousand and ﬁve hundred (2500) different
highly experienced construction professionals, the researcher
attempted to use the Relative Importance Index method for
the quantiﬁcation of relative importance indices of a compre-
hensive list of delay factors in construction projects in Egypt.
3. Research objective
This research aimed to (1) Identify delay factors in construc-
tion projects; (2) Categorize delay factors in construction pro-
jects into nine (9) major categories; (3) Quantify relative
importance of delay factors and to demonstrate the ranking
of factors and categories according to their importance level
on delays; (4) Address the most contributing factors and cate-
gories causing delays, especially after 25/1/2011 (Egyptian rev-
olution); and (5) Make recommendations in order to minimize
or control delays in construction projects.
4. Research methodology
The methodology of this paper is listed as follows:
 The researchmethodology can be summarized in ninety-nine
(99) different delay factors were categorized into nine (9)
major categories and visualized by ranking through the
detailed literature review and interview with experts in con-
struction industry. An interview questionnaire was devel-
oped to assess the perceptions of Egyptian construction
industry on the relative importance of delay causes. Then,
the questionnaire was ﬁlled out by two thousand and ﬁve
hundred (2500) highly experienced construction profession-
als including project managers, site managers, technical
ofﬁce managers, technical ofﬁce engineers, procurement
managers, technical consultants, main contractors, and sub-
contractors. The collected data were analyzed through Rela-
tive Importance Index (RII) method. The analysis included
ranking the different causes according to the relative impor-
tance indices. The analysis revealed the most contributing
factors and categories causing delays.
 Questionnaires were developed into two (2) major parts (A
and B). Part (A): Personal information of the respondent
was collected (e.g., work experience of construction pro-
jects, work position, etc.). Part (B): Aimed to obtain infor-
mation about causes of time delays in construction projects,
it was asked to rate those initially identiﬁed ninety-nine fac-
tors according to their frequency and the procedures used
to reduce or terminate the difference between the actual
and scheduled time of construction projects.
 A survey was conducted through personal interviews in which
respondents were asked to rank and score these factors accord-
ing to their experience. Totally four hundred (400) construction
ﬁrms were surveyed by questionnaires, total approached for
these questionnaires equals to three thousand (3000) ones out
of which two thousand and ﬁve hundred (2500) responses were
received with response rate equals to 83.33%.
 Assessment of feedback from questionnaire survey was
made. Analysis was carried out for two thousand and ﬁve
hundred (2500) responses to identify major delay contribut-
ing factors. Analysis is discussed in details, on the basis of
which recommendations to construct projects were made.The approach to the research has been summarized, which
consists of data/results that mean research main activities/
methodology as shown in Fig. 1.
5. Project delay causes
There are ninety-nine (99) factors and are categorized into nine
(9) major categories as shown in Table 1 that cause delay in
construction project, which are used in this paper, as follows:
(1) Lack of consultant experience in construction projects;
(2) Conﬂicts between consultant and design engineer; (3) Delay
in approving major changes in scope of work by consultant; (4)
Delay in performing inspection and testing; (5) Inaccurate site
investigation; (6) Inadequate project management assistance;
(7) Late in reviewing and approving design documents; (8)
Poor communication and coordination between owner and
contractor; (9) Frequent change of subcontractors; (10) Inade-
quate contractor experience; (11) Inappropriate construction
methods; (12) Incompetent project team; (13) Ineffective pro-
ject planning and scheduling; (14) Obsolete technology; (15)
Poor communication and coordination between owner and
consultant; (16) Poor site management and supervision; (17)
Rework due to errors; (18) Unreliable subcontractors; (19)
Inadequate site investigation; (20) Inappropriate contractor’s
policies; (21) Poor ﬁnancial control on site; (22) Complexity
of project design; (23) Design changes by owner or his agent
during construction; (24) Design errors and omissions made
by designers; (25) Insufﬁcient data collection and survey before
design; (26) Lack of design team experience in construction
projects; (27) Mistakes and delays in producing design docu-
ments; (28) Misunderstanding of owner’s requirements by de-
sign engineer; (29) Poor use of advanced engineering design
software; (30) Unclear and inadequate details in drawings;
(31) Incomplete project design; (32) Defective design made
by designers; (33) Equipment allocation problem; (34) Fre-
quent equipment breakdowns; (35) Improper equipment; (36)
Inadequate modern equipment; (37) Low efﬁciency of equip-
ment; (38) Shortage of equipment; (39) Slow mobilization of
equipment; (40) Accidents during construction; (41) Changes
in government regulations and laws; (42) Different tactics
patterns for bribes; (43) Delay in obtaining permits from
municipality; (44) Delay in performing ﬁnal inspection and
certiﬁcation by third party; (45) Delay in providing services
from utilities (water, electricity, etc.); (46) Global ﬁnancial cri-
sis; (47) Loss of time by trafﬁc control and restriction at job
site; (48) Sudden failures actions; (49) Price ﬂuctuations; (50)
Problem with neighbors; (51) Slow site clearance; (52) Unex-
pected surface & subsurface conditions (soil, water table,
etc.); (53) Unfavorable weather conditions; (54) Inadequate
production of raw material in the country; (55) Inappropriate
government policies; (56) Thefts done on site; (57) Absentee-
ism; (58) Low motivation and morale of labor; (59) Low pro-
ductivity of labor; (60) Personal conﬂicts among labor; (61)
Shortage of labor; (62) Slow mobilization of labor; (63) Labor
strikes due to revolutions; (64) Unqualiﬁed/inadequate experi-
enced labor; (65) Labor injuries on site; (66) Changes in mate-
rial types and speciﬁcations during construction; (67) Damage
of sorted materials; (68) Delay in manufacturing materials;
(69) Escalation of material prices; (70) Late delivery of materi-
als; (71) Poor procurement of construction materials; (72)
Poor quality of construction materials; (73) Shortage of
Results
Data/information source
Literature review 
Questionnaire survey 
Data collection 
Determination of delays factors 
Problem identification 
Case study 
Prediction of actual project duration 
Analysis and discussions 
Conclusion 
Recommendations 
Figure 1 Research main activities/methodology.
Table 1 Categorized factors that cause delay in construction projects. Source: Researcher’s Field Survey Analysis, 2013.
Category item Related factor ID Total number of category factors
Consultant Related Factors Category 01: 08 08
Contractor Related Factors Category 09: 21 13
Design Related Factors Category 22: 32 11
Equipment Related Factors Category 33: 39 07
External Related Factors Category 40: 56 17
Labor Related Factors Category 57: 65 09
Material Related Factors Category 66: 74 09
Owner Related Factors Category 75: 93 19
Project Related Factors Category 94: 99 06
Total 01: 99 99
Ranking of delay factors 391construction materials; (74) Unreliable suppliers; (75) Change
orders; (76) Conﬂicts between joint-ownership; (77) Delay in
approving design documents; (78) Delay in progress payments
(Funding problems); (79) Delay in site delivery; (80) Improper
project feasibility study; (81) Lack of capable representative;
(82) Lack of owner experience in construction projects; (83)
Lack of incentives for contractor to ﬁnish ahead of schedule;
(84) Poor communication and coordination between consul-tant and contractor; (85) Slowness in decision making; (86)
Suspension of work by owner; (87) Inadequate planning;
(88) Mode of ﬁnancing and payment for completed work;
(89) Long period between design and time of bidding/tender-
ing; (90) Inappropriate contractual procedure; (91) Additional
work; (92) Bureaucracy in bidding/tendering method; (93)
Selecting inappropriate contractors; (94) Complexity of project
(project type, project scale, . . ..etc.); (95) Inadequate deﬁnition
Table 2 Profession of Respondent. Source: Researcher’s Field
Survey Analysis, 2013.
ID Professional cadre of
respondents
No of respondents Percentage
%
1 Owners 027 01.08
2 Consultants 196 07.84
3 Managers 414 16.56
4 Engineers 759 30.36
5 Contractors 1104 44.16
Total 2500 100
Table 3 Respondents years of experience. Source: Research-
er’s Field Survey Analysis, 2013.
Years of experience No of respondents Percentage%
1:5 Years 423 16.92
5:10 Years 592 23.68
10:15 Years 882 35.28
Above 15 Years 903 36.12
Total 2500 100
392 R.F. Azizof substantial completion; (96) Ineffective delay penalties; (97)
Legal disputes between project participants; (98) Original con-
tract duration is short; and (99) Unfavorable contract clauses.
6. Questionnaire survey
6.1. Questionnaire design
The questionnaire design took into consideration the objec-
tives of the study with the aim to answer the research ques-
tions. Great effort and brainstorming were done for
designing the questionnaire. Meetings with members from
the industry were conducted to identify the right questions re-
quired and to present them in a clear and an unambiguous for-
mat. Special care also was done for phrasing the questions that
is easily understood by respondents.
6.2. Contents of the questionnaire
The questionnaire was divided into two major sections. The
ﬁrst section contains general information about the respon-
dents such as (1) Contact address; (2) Company size; and (3)
Type. Addressing the general industry characteristics such as
(1) Years of experience; (2) List of their projects which had
time delay from master schedule; and (3) Delay causes and rate
them from respondent’s point of view. The second section ad-
dresses causes leading to delays. A list of major delay causes as
read from the literature is presented, and the respondent is
asked to state the frequency of occurrence of these causes in
his projects. Most frequent causes correspond to ‘‘very high ef-
fect,’’ whereas the least frequent corresponds to ‘‘very little ef-
fect’’ which denies existence of the condition as a cause.
Respondents were given a chance to add other causes and rate
them, and a review of these causes and their effects is consid-
ered. The questionnaire addresses the normally adopted con-
trols of delay in construction projects and the administrativeprocedures set to minimize their impacts, and a review of these
controls is arranged. The design philosophy of the question-
naire was based on the fact that they had to be simple, clear,
and understandable for respondents, and at the same time,
they should be able to be interpreted well by the researcher.
The questionnaire has a deﬁnite advantage of requiring smaller
time to be responded and is more accurate in the ﬁnal out-
come. Factors causing delay in construction projects in Egypt
were identiﬁed through the literature based on previous re-
searches together with input, revision, and modiﬁcations by lo-
cal experts where a total of ninety-nine (99) factors at nine (9)
major categories were identiﬁed. The participants were re-
quired to rate the factors in the way they affect delay in con-
struction projects using their own experiences on building
sites. The questionnaire required the respondents to rank these
on a scale with the rating of ‘‘1’’ representing very little effect;
‘‘2’’ little effect; ‘‘3’’ medium effect; ‘‘4’’ high effect; and ‘‘5’’
very high effect according to the degree of importance on delay
in construction projects. The numbers assigned to the agree-
ment scale (1–5) do not indicate that the intervals between
the scales are equal, nor do they indicate absolute quantities.6.3. Data gathering
Questionnaires were mailed to respondents (Owners, Consul-
tants, Managers, Engineers, and Contractors), completed
forms were requested to be mailed or faxed back to the re-
searcher, and the response for this request was poor. Another
approach of collecting data was used; involved follow-up tele-
phone calls and subsequent visit to ﬁrms and work sites, most
of data were collected by this method. Forms were given to
respondents to complete, and completed forms were collected
later. In many instances, forms were completed at the meeting;
this method had the added beneﬁt of making clariﬁcations to
respondents about questions in forms; it also gave a chance
to the researcher to explore further project delay management
practices and concerns. Over a period of ten (10) months later,
the researcher collected two thousand and ﬁve hundred (2500)
responses from three thousand (3000) total forms at four hun-
dred (400) construction ﬁrms; this means the rate of response
was 83.33%. The details of various professional cadres of
respondents with their classiﬁcations were mentioned in Ta-
ble 2 for clariﬁcations. This research is based on a survey de-
signed to gather all necessary information in an effective
way. The survey presents ninety-nine (99) factors generated
on the basis of related research works on delay causes in con-
struction projects. These factors were classiﬁed into nine (9)
major categories based on previous section and as advised by
researcher: (1) Consultant Related Factors category; (2) Con-
tractor Related Factors category; (3) Design Related Factors
category; (4) Equipment Related Factors category; (5) Exter-
nal Related Factors category; (6) Labor Related Factors cate-
gory; (7) Material Related Factors category; (8) Owner
Related Factors category; and (9) Project Related Factors cat-
egory (see Table 1). To consider the effect of different levels of
the participants’ experiences, the results were grouped into
four (4) main groups: ‘‘group 1’’ for respondents’ experience
till 5 years; ‘‘group 2’’ for respondents’ experience above 5 till
10 years; ‘‘group 3’’ for respondents’ experience above 10 till
15 years; and ‘‘group 4’’ for respondents’ experience above
15, Table 3 depicts these groups. Tables 2 and 3 give more
Table 4 Total respondents results of time delay factors. Source: Researcher’s Field Survey Analysis, 2013.
Category ID Category name Factor ID Delay factor description Number of respondents scoring
Very little
eﬀect (1)
Little
eﬀect (2)
Average
eﬀect (3)
High
eﬀect (4)
Very high
eﬀect (5)
1 Consultant Related
Factors
01 Lack of consultant experience in
construction projects
0 135 692 1227 446
02 Conﬂicts between consultant and design
engineer
67 357 692 892 492
03 Delay in approving major changes in
scope of work by consultant
23 112 669 1071 625
04 Delay in performing inspection and
testing
90 402 870 803 335
05 Inaccurate site investigation 23 313 692 825 647
06 Inadequate project management
assistance
134 67 1049 915 335
07 Late in reviewing and approving design
documents
67 357 580 938 558
08 Poor communication and coordination
between owner and contractor
0 157 892 982 469
2 Contractor Related
Factors
09 Frequent change of subcontractors 0 134 848 1071 447
10 Inadequate contractor experience 23 90 580 1026 781
11 Inappropriate construction methods 0 179 580 1116 625
12 Incompetent project team 0 90 491 1294 625
13 Ineﬀective project planning and
scheduling
0 90 290 1161 959
14 Obsolete technology 45 446 959 715 335
15 Poor communication and coordination
between owner and consultant
23 246 825 982 424
16 Poor site management and supervision 23 45 469 848 1115
17 Rework due to errors 0 46 580 937 937
18 Unreliable subcontractors 0 201 580 1093 626
19 Inadequate site investigation 45 290 848 871 446
20 Inappropriate contractor’s policies 23 223 759 1160 335
21 Poor ﬁnancial control on site 23 134 446 826 1071
3 Design Related
Factors
22 Complexity of project design 67 313 669 1071 380
23 Design changes by owner or his agent
during construction
23 134 692 1026 625
24 Design errors and omissions made by
designers
24 223 669 803 781
25 Insuﬃcient data collection and survey
before design
45 313 357 1138 647
26 Lack of design team experience in
construction projects
89 179 469 1227 536
27 Mistakes and delays in producing design
documents
45 179 603 1182 491
28 Misunderstanding of owner’s
requirements by design engineer
134 157 469 959 781
29 Poor use of advanced engineering design
software
68 491 959 692 290
30 Unclear and inadequate details in
drawings
67 335 781 826 491
31 Incomplete project design 45 201 692 781 781
32 Defective design made by designers 46 201 669 892 692
4 Equipment Related
Factors
33 Equipment allocation problem 0 223 692 938 647
34 Frequent equipment breakdowns 23 112 513 1138 714
35 Improper equipment. 179 156 692 1004 469
36 Inadequate modern equipment 134 313 759 1093 201
37 Low eﬃciency of equipment. 23 45 982 1026 424
38 Shortage of equipment 24 133 424 625 1294
39 Slow mobilization of equipment 45 134 870 1138 313
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Table 4 (Continued)
Category ID Category name Factor ID Delay factor description Number of respondents scoring
Very little
eﬀect (1)
Little
eﬀect (2)
Average
eﬀect (3)
High
eﬀect (4)
Very high
eﬀect (5)
5 External related
factors
40 Accidents during construction 90 780 870 380 380
41 Changes in government regulations and laws 156 379 669 693 603
42 Diﬀerent tactics patterns for bribes 67 90 313 625 1405
43 Delay in obtaining permits from municipality 23 112 937 892 536
44 Delay in performing ﬁnal inspection and
certiﬁcation by third party
23 491 1004 826 156
45 Delay in providing services from utilities
(water, electricity, etc.)
157 67 736 669 871
46 Global ﬁnancial crisis. 67 268 469 647 1049
47 Loss of time by traﬃc control and restriction
at job site
268 335 1093 625 179
48 Sudden failures actions 23 23 580 915 959
49 Price ﬂuctuations 23 179 714 1093 491
50 Problem with neighbors 91 580 870 669 290
51 Slow site clearance 155 625 982 492 246
52 Unexpected surface& subsurface conditions
(soil, water table, etc.)
0 246 759 892 603
53 Unfavorable weather conditions 45 424 1071 714 246
54 Inadequate production of raw material in the
country
45 290 692 1205 268
55 Inappropriate government policies 0 424 781 1093 202
56 Thefts done on site 290 402 982 603 223
6 Labors related
factors
57 Absenteeism 90 380 826 892 312
58 Low motivation and morale of labor 45 424 959 781 291
59 Low productivity of labor 66 134 514 1272 514
60 Personal conﬂicts among labor 45 692 1026 603 134
61 Shortage of labor 112 45 536 1227 580
62 Slow mobilization of labor 45 134 1004 1049 268
63 Labor strikes due to revolutions 23 246 1138 736 357
64 Unqualiﬁed/inadequate experienced labor 23 45 580 1428 424
65 Labor injuries on site. 224 669 937 446 224
7 Materials Related
Factors
66 Changes in material types and speciﬁcations
during construction
112 201 736 1138 313
67 Damage of sorted materials 0 201 892 1049 358
68 Delay in manufacturing materials 0 112 937 1049 402
69 Escalation of material prices 0 269 959 803 469
70 Late delivery of materials 45 223 558 1138 536
71 Poor procurement of construction materials 0 203 892 1115 290
72 Poor quality of construction materials 112 134 759 1182 313
73 Shortage of construction materials 45 67 669 1227 492
74 Unreliable suppliers 0 246 759 1004 491
394 R.F. Azizinformation with classiﬁcations of questionnaire’s respondents
that made the detailed results with full analysis.
6.4. Sample determination and selection
The studied target population includes owners, consultants,
managers, engineers, and contractors. A systematic random
sample was selected to ensure a representative sample of all
targeted respondents using Eq. (1) by Hogg and Tanis [32]:
n ¼ m
1þ m1
N
  ð1Þwhere n, m, and N represent the sample size of the limited,
unlimited, and available population, respectively. On the other
hand, m is estimated by the following equation:
m ¼ Z
2  P ð1 PÞ
e2
ð2Þ
where Z is the statistical value for the conﬁdence level used,
i.e., 2.575, 1.96, and 1.645, for 99%, 95%, and 90% conﬁdence
levels, respectively; P is the value of the population proportion
which is being estimated and e is the sampling error of the
point estimate. Since the value of P is unknown, Sincich
et al. [33] suggested a conservative value of 0.50 to be used,
Table 4 (Continued)
Category ID Category
name
Factor ID Delay factor description Number of respondents scoring
Very little
eﬀect (1)
Little
eﬀect (2)
Average
eﬀect (3)
High
eﬀect (4)
Very high
eﬀect (5)
8 Owner
Related
Factors
75 Change orders 67 179 446 1071 737
76 Conﬂicts between joint-ownership 23 112 536 1316 513
77 Delay in approving design documents 0 246 759 1049 446
78 Delay in progress payments (Funding
problems)
134 112 201 491 1562
79 Delay in site delivery. 22 491 469 1049 469
80 Improper project feasibility study 90 313 558 714 825
81 Lack of capable representative 45 313 1093 759 290
82 Lack of owner experience in construction
projects
268 580 647 536 469
83 Lack of incentives for contractor to ﬁnish
ahead of schedule
45 335 848 959 313
84 Poor communication and coordination
between consultant and contractor
46 201 1093 803 357
85 Slowness in decision making 0 201 692 848 759
86 Suspension of work by owner 23 112 803 848 714
87 Inadequate planning 22 158 536 892 892
88 Mode of ﬁnancing and payment for
completed work
23 134 536 1338 469
89 Long period between design and time of
bidding/tendering
134 335 714 692 625
90 Inappropriate contractual procedure 24 335 1249 669 223
91 Additional work 112 469 826 736 357
92 Bureaucracy in bidding/tendering method 67 424 937 848 224
93 Selecting inappropriate contractors 23 23 379 1316 759
9 Project
related
factors
94 Complexity of project (project type, project
scale, etc.)
23 112 625 1026 714
95 Inadequate deﬁnition of substantial
completion
1 113 1115 937 334
96 Ineﬀective delay penalties 67 134 647 1115 537
97 Legal disputes between project participants 45 201 536 870 848
98 Original contract duration is short 90 313 536 981 580
99 Unfavorable contract clauses 23 246 959 870 402
Ranking of delay factors 395so that a sample size, that is at least as large as required, be ob-
tained. Using a 95% conﬁdence level, i.e., 5% signiﬁcance le-
vel, the unlimited sample size of the population, m, is
approximated as follows:
m ¼ ð1:96Þ
2  0:5 ð1 0:5Þ
0:052
’ 385 ð200 Þ
Accordingly, the total number ‘‘N’’ of considered classiﬁed
contractors of construction companies in Egypt (current mem-
bers of the Egyptian Federation for Construction & Building
Contractors [EFCBC]) who have valid memberships under
the available seven grades for the category of integrated build-
ing works is (19,814) as on January 1, 2013. The sample size is
statistically determined as will be shown in ‘‘Sample Determi-
nation and Selection.’’ The results have been achieved by con-
tinuous follow-up and close personal contact with all
participants. The sample was selected randomly from a combi-
nation of the contractors under all contractors’ grades to cover
the sample representing the total population of (19,814) con-struction companies. As there are accurate data regarding
the number of owners, consultants, managers, engineers, also
owner and consulting ﬁrms are selected randomly and added
to the statistically determined sample, size of contractors as
will be shown later. The survey gathered data from practitio-
ners of owners, consultants, managers, engineers, and contrac-
tors as broad a geographic area within Egypt as possible. The
target population of contractors was (19,814) companies which
were current members of the Egyptian Federation for Con-
struction & Building Contractors (EFCBC) within all grades
during conducting this research. The required representative
sample size ‘‘n’’ of the target population of construction com-
panies was determined using Eq. (1) as shown below:
n ¼ 385
1þ 3851
19:814
  ’ 378 ð100 Þ
Based on the above equation, a total of (378) construction
companies in Egypt were surveyed as a sample representing the
total population of (19,814) construction companies. The
Table 5 Overall RII and ranking of time delay factors. Source: Researcher’s Field Survey Analysis, 2013.
Rank ID Delay factor description Related
category
item
Overall
Relative
Importance
Index (ORII) %
01 78 Delay in progress payments (funding problems) Owner 85.880
02 42 Diﬀerent tactics patterns for bribes External 85.688
03 38 Shortage of equipment Equipment 84.256
04 13 Ineﬀective project planning and scheduling Contractor 83.912
05 16 Poor site management and supervision Contractor 83.896
06 21 Poor ﬁnancial control on site Contractor 82.304
07 17 Rework due to errors Contractor 82.122
08 93 Selecting inappropriate contractors Owner 82.120
09 48 Sudden failures actions External 82.112
10 87 Inadequate planning Owner 79.792
11 12 Incompetent project team Contractor 79.632
12 10 Inadequate contractor experience Contractor 79.616
13 34 Frequent equipment breakdowns Equipment 79.264
14 46 Global ﬁnancial crisis External 78.744
15 94 Complexity of project (project type, project scale, etc.) Project 78.368
16 97 Legal disputes between project participants Project 78.200
17 75 Change orders. Owner 77.856
18 11 Inappropriate construction methods Contractor 77.496
19 64 Unqualiﬁed/inadequate experienced labor Labor 77.480
20 76 Conﬂicts between joint-ownership Owner 77.472
21 85 Slowness in decision making Owner 77.320
22 03 Delay in approving major changes in scope of work by consultant Consultant 77.304
23 18 Unreliable subcontractors Contractor 77.152
24 61 Shortage of labor Labor 76.944
25 86 Suspension of work by owner Owner 76.944
26 23 Design changes by owner or his agent during construction Design 76.769
27 28 Misunderstanding of owner’s requirements by design engineer Design 76.768
28 88 Mode of ﬁnancing and payment for completed work Owner 76.767
29 24 Design errors and omissions made by designers Design 76.752
30 73 Shortage of construction materials Material 76.432
31 31 Incomplete project design Design 76.416
32 59 Low productivity of labor Labor 76.272
33 45 Delay in providing services from utilities (water, electricity, etc.) External 76.240
34 25 Insuﬃcient data collection and survey before design Design 76.232
35 33 Equipment allocation problem Equipment 76.072
36 01 Lack of consultant experience in construction projects Consultant 75.872
37 32 Defective design made by designers Design 75.864
38 26 Lack of design team experience in construction projects Design 75.536
39 96 Ineﬀective delay penalties Project 75.368
40 70 Late delivery of materials Material 75.176
41 27 Mistakes and delays in producing design documents Design 75.160
42 80 Improper project feasibility study Owner 74.968
43 52 Unexpected surface& subsurface conditions (soil, water table, etc.) External 74.816
44 49 Price ﬂuctuations External 74.800
45 09 Frequent change of subcontractors Contractor 74.648
46 43 Delay in obtaining permits from municipality External 74.448
47 37 Low eﬃciency of equipment Equipment 74.264
48 08 Poor communication and coordination between owner and contractor Consultant 74.104
49 05 Inaccurate site investigation Consultant 74.080
50 68 Delay in manufacturing materials Material 73.928
51 74 Unreliable suppliers Material 73.920
52 77 Delay in approving design documents Owner 73.560
53 98 Original contract duration is short Project 73.184
54 67 Damage of sorted materials Material 72.512
55 07 Late in reviewing and approving design documents Consultant 72.504
56 20 Inappropriate contractor’s policies Contractor 72.488
57 39 Slow mobilization of equipment Equipment 72.320
58 15 Poor communication and coordination between owner and consultant Contractor 72.304
59 71 Poor procurement of construction materials Material 71.936
60 95 Inadequate deﬁnition of substantial completion Project 71.920
61 69 Escalation of material prices Material 71.776
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Table 5 (Continued)
Rank ID Delay factor description Related
category
item
Overall
Relative
Importance
Index (ORII) %
62 79 Delay in site delivery Owner 71.616
63 72 Poor quality of construction materials Material 71.600
64 35 Improper equipment Equipment 71.424
65 02 Conﬂicts between consultant and design engineer Consultant 71.080
66 22 Complexity of project design Design 71.072
67 19 Inadequate site investigation Contractor 71.064
68 99 Unfavorable contract clauses Project 71.056
69 54 Inadequate production of raw material in the country External 70.898
70 62 Slow mobilization of labor Labor 70.888
71 30 Unclear and inadequate details in drawings Design 70.715
72 66 Changes in material types and speciﬁcations during construction Material 70.712
73 89 Long period between design and time of bidding/tendering Owner 70.710
74 06 Inadequate project management assistance Consultant 70.000
75 84 Poor communication and coordination between consultant and contractor Owner 69.792
76 41 Changes in government regulations and laws External 69.664
77 83 Lack of incentives for contractor to ﬁnish ahead of schedule Owner 69.280
78 63 Labor strikes due to revolutions Labor 69.264
79 55 Inappropriate government policies External 68.584
80 57 Absenteeism Labor 67.648
81 81 Lack of capable representative Owner 67.488
82 36 Inadequate modern equipment Equipment 67.312
83 04 Delay in performing inspection and testing Consultant 67.128
84 14 Obsolete technology Contractor 66.792
85 58 Low motivation and morale of labor Labor 66.790
86 91 Additional work Owner 66.056
87 92 Bureaucracy in bidding/tendering method Owner 65.904
88 90 Inappropriate contractual procedure Owner 65.856
89 53 Unfavorable weather conditions External 65.536
90 29 Poor use of advanced engineering design software Design 65.160
91 44 Delay in performing ﬁnal inspection and certiﬁcation by third party External 64.808
92 50 Problem with neighbors External 63.896
93 82 Lack of owner experience in construction projects Owner 62.864
94 40 Accidents during construction External 61.440
95 47 Loss of time by traﬃc control and restriction at job site External 60.896
96 60 Personal conﬂicts among labor Labor 60.712
97 56 Thefts done on site External 60.536
98 51 Slow site clearance External 60.392
99 65 Labor injuries on site Labor 58.216
Ranking of delay factors 397surveyed companies were of all grades in the Egyptian Feder-
ation for Construction & Building Contractors (EFCBC). The
sample was selected randomly from a combination of owners,
consultants, managers, engineers, and contractors under all
contractors’ grades. Researcher received more than one com-
pleted questionnaire from each surveyed company represent-
ing different levels of experience. The total number of
completed questionnaires obtained from the (400) surveyed
construction companies was (2500) respondents, which com-
prise the statistical data sample size that represents owners,
consultants, managers, engineers, and contractors.
6.5. Scoring
Table 4 shows the total number of all grouped respondents for
each selection per factor, and for analyzing data, (RIIik), the
Relative Importance Index technique was used per factor for
each year of experience (k) for each group of respondents (i).
This index was computed using Eq. (5) by Jarkas and Bitar [34]:RIIikð%Þ ¼
1 ðn1Þ þ 2 ðn2Þ þ 3 ðn3Þ þ 4 ðn4Þ þ 5 ðn5Þ
5 ðn1þ n2þ n3þ n4þ n5Þ
 100
ð3Þ
where RIIik (%) is the yearly experience percentage of Relative
Importance Index of each factor for each group of respon-
dents, which is calculated separately for corresponding year
(k) of experience of grouped respondents;k is the number that
represents years of experience of grouped respondents (from
ﬁrst year of experience k= 1 to last year of experience
k= K); and n1; n2; n3; n4; and n5 are the numbers of each
grouped respondents who selected: ‘‘1’’ representing very little
effect; ‘‘2’’ representing little effect; ‘‘3’’ representing average
effect; ‘‘4’’ representing high effect and ‘‘5’’ representing very
high effect. As shown in Eq. (4), it is used for computing the
Overall Relative Importance Index (ORII) for each factor of
all respondents representing ‘‘Consultants group (i= 5)’’;
‘‘Managers group (i= 4)’’; ‘‘Engineers group (i= 3)’’;
Table 6 Top twenty Overall Relative Importance Index of time delay factors. Source: Researcher’s Field Survey Analysis, 2013.
Rank ID Delay factor description Related category item Overall Relative
Importance Index (ORII) %
01 78 Delay in progress payments (Funding problems) Owner 85.880
02 42 Diﬀerent tactics patterns for bribes External 85.688
03 38 Shortage of equipment Equipment 84.256
04 13 Ineﬀective project planning and scheduling Contractor 83.912
05 16 Poor site management and supervision Contractor 83.896
06 21 Poor ﬁnancial control on site Contractor 82.304
07 17 Rework due to errors Contractor 82.122
08 93 Selecting inappropriate contractors Owner 82.120
09 48 Sudden failures actions External 82.112
10 87 Inadequate planning Owner 79.792
11 12 Incompetent project team Contractor 79.632
12 10 Inadequate contractor experience Contractor 79.616
13 34 Frequent equipment breakdowns Equipment 79.264
14 46 Global ﬁnancial crisis External 78.744
15 94 Complexity of project (project type, project scale, etc.) Project 78.368
16 97 Legal disputes between project participants Project 78.200
17 75 Change orders Owner 77.856
18 11 Inappropriate construction methods Contractor 77.496
19 64 Unqualiﬁed/inadequate experienced labor Labor 77.480
20 76 Conﬂicts between joint-ownership Owner 77.472
Table 7 Least twenty Overall Relative Importance Index of time delay factors. Source: Researcher’s Field Survey Analysis, 2013.
Rank ID Delay factor description Related category item Overall Relative
Importance Index (ORII) %
01 65 Labor injuries on site Labor 58.216
02 51 Slow site clearance External 60.392
03 56 Thefts done on site External 60.536
04 60 Personal conﬂicts among labor Labor 60.712
05 47 Loss of time by traﬃc control and restriction at job site External 60.896
06 40 Accidents during construction External 61.440
07 82 Lack of owner experience in construction projects Owner 62.864
08 50 Problem with neighbors External 63.896
09 44 Delay in performing ﬁnal inspection and certiﬁcation by third party External 64.808
10 29 Poor use of advanced engineering design software Design 65.160
11 53 Unfavorable weather conditions External 65.536
12 90 Inappropriate contractual procedure Owner 65.856
13 92 Bureaucracy in bidding/tendering method Owner 65.904
14 91 Additional work Owner 66.056
15 58 Low motivation and morale of labor Labor 66.790
16 14 Obsolete technology Contractor 66.792
17 04 Delay in performing inspection and testing Consultant 67.128
18 36 Inadequate modern equipment Equipment 67.312
19 81 Lack of capable representative Owner 67.488
20 57 Absenteeism Labor 67.648
398 R.F. Aziz‘‘Owners group (i= 2)’’ and ‘‘Contractors group (i= 1)’’ con-
sidering all years of experiences of respondents together; which
is calculated as a weighted average by RIIik from the following
equation:
ORII ð%Þ ¼
Xi¼5
i¼1
i
15

Pk¼1
k¼k kRIIik
 
Pk¼k
k¼1ðkÞ
" #
ð4Þ
where ORII (%) is the Overall weighted average percentage of
Relative Importance Index per factor, which is calculated
based upon total years of experiences of all grouped respon-
dents together; k is the number that represents’ years of expe-
rience of grouped respondents (from ﬁrst year of experience
k= 1 to last year of experience k= K); i is the type ofgrouped respondents; and RIIik is the yearly experience per-
centage of Relative Importance Index of each factor, which
is calculated separately for corresponding year (k) of grouped
respondents experience and calculated by Eq. (3).
6.6. Analysis and discussion
The factors causing delay in construction projects in Egypt will
be looked at from different perspectives. It will examine the
data provided by respondents and that will be the basis for
case selection. The Relative Important Index will be calculated
as ﬁnal outlined results. These factors will be ranked and
categorized based on their Relative Importance Index report.
Table 8 RII and ranking of factors related to consultant category. Source: Researcher’s Field Survey Analysis, 2013.
Priority Rank ID Delay factor description Overall Relative Importance Index (ORII) %
08 01 03 Delay in approving major changes in scope of work by consultant 77.304
07 02 01 Lack of consultant experience in construction projects 75.872
06 03 08 Poor communication and coordination between owner and contractor 74.104
05 04 05 Inaccurate site investigation 74.080
04 05 07 Late in reviewing and approving design documents 72.504
03 06 02 Conﬂicts between consultant and design engineer 71.080
02 07 06 Inadequate project management assistance 70.000
01 08 04 Delay in performing inspection and testing 67.128
Table 9 RII and ranking of factors related to contractor category. Source: Researcher’s Field Survey Analysis, 2013.
Priority Rank ID Delay factor description Overall Relative Importance Index (ORII) %
13 01 13 Ineﬀective project planning and scheduling 83.912
12 02 16 Poor site management and supervision 83.896
11 03 21 Poor ﬁnancial control on site 82.304
10 04 17 Rework due to errors 82.122
09 05 12 Incompetent project team 79.632
08 06 10 Inadequate contractor experience 79.616
07 07 11 Inappropriate construction methods 77.496
06 08 18 Unreliable subcontractors 77.152
05 09 09 Frequent change of subcontractors 74.648
04 10 20 Inappropriate contractor’s policies 72.488
03 11 15 Poor communication and coordination between owner and consultant 72.304
02 12 19 Inadequate site investigation 71.064
01 13 14 Obsolete technology 66.792
Ranking of delay factors 399Table 5 lists the total results of responses per factor causing de-
lay in construction projects in Egypt.
Table 5 declared that respondents rank the factor number
78 ‘‘Delay in progress payments (Funding problems)’’ as the
prime cause of delay in construction projects in Egypt.
Therefore, it was ranked the twenty most factors with their
related category item and was ranked the twenty least fac-
tors with their related category item, which cause time delay
in construction projects in Egypt from respondents’ points
of view as shown in the following tabulations (see Tables
6 and 7). It was noticed that the ﬁrst factor ‘‘Delay in pro-
gress payments (Funding problems)’’ related to ‘‘Owner Re-
lated Factors Category’’ the most effect with Relative
Importance Index equals to 85.880% and last one ‘‘Labor
injuries on site’’ related to ‘‘Labor Related Factors Cate-
gory’’ the less effect with Relative Importance Index equals
to 58.216% from all factors.
The perceived effect of each of the ninety-nine (99) factors
explored on time delay in construction projects in Egypt is
determined. The overall factors are classiﬁed under nine (9)
major categories. The relative importance indices, rank within
the corresponding category, and the overall ranks of the inves-
tigated factors, are presented and discussed. The ‘‘category’’
importance indices are furthermore quantiﬁed, and a compar-
ison among their relevant importance is carried out. The Rel-
ative Importance Indices of all factors for each category are
calculated using Eq. (4). Then, the weighted average of each
category is calculated using priority rule as shown in next sub-
sections and Eq. (5).6.6.1. Consultant Related Factors Category
The relative importance indices and ranks of the eight (8) fac-
tors that are classiﬁed under the ‘‘Consultant Related Factors
Category’’ are shown in Table 8. The surveyed owners, consul-
tants, managers, engineers, and contractors ranked the ‘‘Delay
in approving major changes in scope of work by consultant’’
factor as the most important factor causing delay in construc-
tion projects in Egypt at this category, with a Relative Impor-
tance Index equals to 77.304%. This top ranked factor is
further ranked twenty second in its effect, among all explored
factors, which indicates the signiﬁcant impact of this factor on
the delay causes in construction projects in Egypt.
6.6.2. Contractor Related Factors Category
The relative importance indices and ranks of the thirteen (13)
factors that are classiﬁed under the ‘‘Contractor Related Fac-
tors Category’’ are shown in Table 9. The surveyed owners,
consultants, managers, engineers, and contractors ranked the
‘‘Ineffective project planning and scheduling’’ factor as the
most important factor causing delay in construction projects
in Egypt at this category, with a Relative Importance Index
equals to 83.912%. This top ranked factor is further ranked
fourth in its effect, among all explored factors, which indicates
the signiﬁcant impact of this factor on the delay causes in con-
struction projects in Egypt.
6.6.3. Design Related Factors Category
The relative importance indices and ranks of the eleven (11)
factors that are classiﬁed under the ‘‘Design Related Factors
Table 10 RII and ranking of factors related to design category. Source: Researcher’s Field Survey Analysis, 2013.
Priority Rank ID Delay factor description Overall Relative Importance Index (ORII) %
11 01 23 Design changes by owner or his agent during construction 76.769
10 02 28 Misunderstanding of owner’s requirements by design engineer 76.768
09 03 24 Design errors and omissions made by designers 76.752
08 04 31 Incomplete project design 76.416
07 05 25 Insuﬃcient data collection and survey before design 76.232
06 06 32 Defective design made by designers 75.864
05 07 26 Lack of design team experience in construction projects 75.536
04 08 27 Mistakes and delays in producing design documents 75.160
03 09 22 Complexity of project design 71.072
02 10 30 Unclear and inadequate details in drawings 70.715
01 11 29 Poor use of advanced engineering design software 65.160
400 R.F. AzizCategory’’ are shown in Table 10. The surveyed owners, con-
sultants, managers, engineers, and contractors ranked the
‘‘Design changes by owner or his agent during construction’’
factor as the most important factor causing delay in construc-
tion projects in Egypt at this category, with a Relative Impor-
tance Index equals to 76.769%. This top ranked factor is
further ranked twenty sixth in its effect, among all explored
factors, which indicates the signiﬁcant impact of this factor
on the delay causes in construction projects in Egypt.
6.6.4. Equipment Related Factors Category
The relative importance indices and ranks of the seven (7) fac-
tors that are classiﬁed under the ‘‘Equipment Related Factors
Category’’ are shown in Table 11. The surveyed owners, consul-
tants, managers, engineers, and contractors ranked the ‘‘Short-
age of equipment’’ factor as the most important factor causing
delay in construction projects in Egypt at this category, with a
Relative Importance Index equals to 84.256%. This top ranked
factor is further ranked third in its effect, among all explored fac-
tors, which indicates the signiﬁcant impact of this factor on the
delay causes in construction projects in Egypt.
6.6.5. External Related Factors Category
The relative importance indices and ranks of the seventeen (17)
factors that are classiﬁed under the ‘‘External Related Factors
Category’’ are shown in Table 12. The surveyed owners, con-
sultants, managers, engineers, and contractors ranked the
‘‘Different tactics patterns for bribes’’ factor as the most
important factor causing delay in construction projects in
Egypt at this category, with a Relative Importance Index
equals to 85.688%. This top ranked factor is further ranked
second in its effect, among all explored factors, which indicatesTable 11 RII and ranking of factors related to equipment category
Priority Rank ID Delay factor descrip
07 01 38 Shortage of equipme
06 02 34 Frequent equipment
05 03 33 Equipment allocatio
04 04 37 Low eﬃciency of equ
03 05 39 Slow mobilization of
02 06 35 Improper equipment
01 07 36 Inadequate modernthe signiﬁcant impact of this factor on the delay causes in con-
struction projects in Egypt.
6.6.6. Labor Related Factors Category
The relative importance indices and ranks of the nine (9) factors
that are classiﬁed under the ‘‘Labor Related Factors Category’’
are shown in Table 13. The surveyed owners, consultants, man-
agers, engineers, and contractors ranked the ‘‘Unqualiﬁed/inad-
equate experienced labor’’ factor as the most important factor
causing delay in construction projects in Egypt at this category,
with a Relative Importance Index equals to 77.480%. This top
ranked factor is further ranked nineteenth in its effect, among
all explored factors, which indicates the signiﬁcant impact of this
factor on the delay causes in construction projects in Egypt.
6.6.7. Material Related Factors Category
The relative importance indices and ranks of the nine (9) fac-
tors that are classiﬁed under the ‘‘Material Related Factors
Category’’ are shown in Table 14. The surveyed owners, con-
sultants, managers, engineers, and contractors ranked the
‘‘Shortage of construction materials’’ factor as the most impor-
tant factor causing delay in construction projects in Egypt at
this category, with a Relative Importance Index equals to
76.432%. This top ranked factor is further ranked thirtieth
in its effect, among all explored factors, which indicates the sig-
niﬁcant impact of this factor on the delay causes in construc-
tion projects in Egypt.
6.6.8. Owner Related Factors Category
The relative importance indices and ranks of the nineteen (19)
factors that are classiﬁed under the ‘‘Owner Related Factors
Category’’ are shown in Table 15. The surveyed owners,. Source: Researcher’s Field Survey Analysis, 2013.
tion Overall Relative Importance Index (ORII) %
nt 84.256
breakdowns 79.264
n problem 76.072
ipment 74.264
equipment 72.320
71.424
equipment 67.312
Table 12 RII and ranking of factors related to external category. Source: Researcher’s Field Survey Analysis, 2013.
Priority Rank ID Delay factor description Overall Relative Importance Index (ORII) %
16 02 42 Diﬀerent tactics patterns for bribes 85.688
17 01 48 Sudden failures actions 82.112
15 03 46 Global ﬁnancial crisis 78.744
14 04 45 Delay in providing services from utilities (water, electricity, etc.) 76.240
13 05 52 Unexpected surface& subsurface conditions (soil, water table, etc.) 74.816
12 06 49 Price ﬂuctuations 74.800
11 07 43 Delay in obtaining permits from municipality 74.448
10 08 54 Inadequate production of raw material in the country 70.898
09 09 41 Changes in government regulations and laws 69.664
08 10 55 Inappropriate government policies 68.584
07 11 53 Unfavorable weather conditions 65.536
06 12 44 Delay in performing ﬁnal inspection and certiﬁcation by third party 64.808
05 13 50 Problem with neighbors 63.896
04 14 40 Accidents during construction 61.440
03 15 47 Loss of time by traﬃc control and restriction at job site 60.896
02 16 56 Thefts done on site 60.536
01 17 51 Slow site clearance 60.392
Table 13 RII and ranking of factors related to labor category. Source: Researcher’s Field Survey Analysis, 2013.
Priority Rank ID Delay factor description Overall Relative Importance Index (ORII) %
09 01 64 Unqualiﬁed/inadequate experienced labor 77.480
08 02 61 Shortage of labor 76.944
07 03 59 Low productivity of labor 76.272
06 04 62 Slow mobilization of labor 70.888
05 05 63 Labor strikes due to revolutions 69.264
04 06 57 Absenteeism 67.648
03 07 58 Low motivation and morale of labor 66.790
02 08 60 Personal conﬂicts among labor 60.712
01 09 65 Labor injuries on site 58.216
Table 14 RII and ranking of factors related to material category. Source: Researcher’s Field Survey Analysis, 2013.
Priority Rank ID Delay factor description Overall Relative Importance Index (ORII) %
09 01 73 Shortage of construction materials 76.432
08 02 70 Late delivery of materials 75.176
07 03 68 Delay in manufacturing materials 73.928
06 04 74 Unreliable suppliers 73.920
05 05 67 Damage of sorted materials 72.512
04 06 71 Poor procurement of construction materials 71.936
03 07 69 Escalation of material prices 71.776
02 08 72 Poor quality of construction materials 71.600
01 09 66 Changes in material types and speciﬁcations during construction 70.712
Ranking of delay factors 401consultants, managers, engineers, and contractors ranked the
‘‘Delay in progress payments (Funding problems)’’ factor as
the most important factor causing delay in construction pro-
jects in Egypt at this category, with a Relative Importance In-
dex equals to 85.880%. This top ranked factor is further
ranked ﬁrst in its effect, among all explored factors, which
indicates the signiﬁcant impact of this factor on the delay
causes in construction projects in Egypt.
6.6.9. Project Related Factors Category
The relative importance indices and ranks of the six (6) factors
that are classiﬁed under the ‘‘Project Related Factors Cate-gory’’ are shown in Table 16. The surveyed owners, consul-
tants, managers, engineers, and contractors ranked the
‘‘Complexity of project (project type, project scale, . . .. etc.)’’
factor as the most important factor causing delay in construc-
tion projects in Egypt at this category, with a Relative Impor-
tance Index equals to 78.368%. This top ranked factor is
further ranked ﬁfteenth in its effect, among all explored fac-
tors, which indicates the signiﬁcant impact of this factor on
the delay causes in construction projects in Egypt.
It might be noted that all these factors are originated either
by the consultant related factors category, contractor related
factors category, design related factors category, equipment
Table 15 RII and ranking of factors related to owner category. Source: Researcher’s Field Survey Analysis, 2013.
Priority Rank ID Delay factor description Overall Relative Importance Index
(ORII) %
19 01 78 Delay in progress payments (Funding problems) 85.880
18 02 93 Selecting inappropriate contractors 82.120
17 03 87 Inadequate planning 79.792
16 04 75 Change orders 77.856
15 05 76 Conﬂicts between joint-ownership 77.472
14 06 85 Slowness in decision making. 77.320
13 07 86 Suspension of work by owner 76.944
12 08 88 Mode of ﬁnancing and payment for completed work 76.767
11 09 80 Improper project feasibility study 74.968
10 10 77 Delay in approving design documents 73.560
09 11 79 Delay in site delivery 71.616
08 12 89 Long period between design and time of bidding/tendering 70.710
07 13 84 Poor communication and coordination between consultant and contractor 69.792
06 14 83 Lack of incentives for contractor to ﬁnish ahead of schedule 69.280
05 15 81 Lack of capable representative 67.488
04 16 91 Additional work 66.056
03 17 92 Bureaucracy in bidding/tendering method 65.904
02 18 90 Inappropriate contractual procedure 65.856
01 19 82 Lack of owner experience in construction projects 62.864
Table 16 RII and ranking of factors related to project category. Source: Researcher’s Field Survey Analysis, 2013.
Priority Rank ID Delay factor description Overall Relative Importance Index (ORII) %
06 01 94 Complexity of project (project type, project scale, etc.) 78.368
05 02 97 Legal disputes between project participants 78.200
04 03 96 Ineﬀective delay penalties 75.368
03 04 98 Original contract duration is short 73.184
02 05 95 Inadequate deﬁnition of substantial completion 71.920
01 06 99 Unfavorable contract clauses 71.056
402 R.F. Azizrelated factors category, external related factors category, la-
bor related factors category, material related factors cate-
gory, owner related factors category, or project related
factors category. This is expected since each party is trying
to blame the other for causing delays. Researcher desires
to compare the strength or the importance of each category;
the weighted average value of the causes composing this cat-
egory was calculated. The results are tabulated in Table 17
by using priority rule formula as shown in the following
equation:
ERIIj ð%Þ ¼
Pn¼N
n¼1 ðPn ORIInÞPn¼N
n¼1 ðPnÞ
 !
ð5Þ
where ERIIj (%) is the Equivalent weighted average percent-
age of Relative Importance Index per category; ORIIn (%) is
the Overall weighted average percentage of Relative Impor-
tance Index per factor of speciﬁc category, which is calcu-
lated based upon total years of experiences of all
respondents; n is the number represents the factor number
in the related category (from ﬁrst factor of category n= 1
to from last factor of category n= N); and Pn is the priority
weight of the studied factor.
It is clear that the results of the nine (9) categories are al-
most consistent, where the categories are ranked from top to
bottom as shown in Table 17.6.7. Prediction of actual project duration
From previous analysis of collected data from construction
projects ﬁeld, the planner can predict approximately the con-
struction actual time of any new construction project before
construction using the following equation:
DC ¼ 1þ
Pj¼1
j¼4ðdj  ERIIjÞPj¼4
j¼1ðERIIjÞ
 !
ð6Þ
PAD ¼ DC PSD ð7Þ
where DC is the project Delay Coefﬁcient; ERIIj (%) is the
Equivalent weighted average percentage of Relative Impor-
tance Index per category; dj is the percentage of each category
impact ranged between (0.00–1.00); PAD is the total Predicted
Actual Duration of the studied project; and PSD is the total
Planned Scheduled Duration before constructing the studied
project.
7. Case study
7.1. Basic information
A case study will be carried out to illustrate and declare data
analysis for time delays to construct residential building in
Table 17 Equivalent average Relative Importance Index of category. Source: Researcher’s Field Survey Analysis, 2013.
Rank Category item Equivalent Relative Importance Index % Eq. (5)
01 Contractor Related Factors Category 79.914
02 Equipment Related Factors Category 77.497
03 Owner Related Factors Category 76.542
04 Project Related Factors Category 76.054
05 Design Related Factors Category 75.775
06 Consultant Related Factors Category 74.304
07 External Related Factors Category 74.289
08 Material Related Factors Category 73.997
09 Labor Related Factors Category 72.645
Ranking of delay factors 403Alexandria; implemented company was Arab-Contractors for
construction; planned and actual start date was 27/11/2010;
planned end date was 29/3/2012; actual end date was 25/10/
2012. It was found that total planned project duration before
start date was 400 working days, while total actual project
duration after completion was 575 working days.
7.2. Reasons for delays
Experts were asked for their opinions about delay, causes and
were converted to percentage of each category impact to en-
able prediction of actual project duration before completion
as shown in the following: (1) Lack of consultant experience
in construction projects; (3) Delay in approving major changes
in scope of work by consultant; (4) Delay in performing
inspection and testing; (8) Poor communication and coordina-
tion between owner and contractor; (15) Poor communication
and coordination between owner and consultant; (17) Rework
due to errors; (21) Poor ﬁnancial control on site; (23) Design
changes by owner or his agent during construction; (24) De-
sign errors and omissions made by designers; (28) Misunder-
standing of owner’s requirements by design engineer; (29)
Poor use of advanced engineering design software; (30) Un-
clear and inadequate details in drawings; (33) Equipment allo-
cation problem; (36) Inadequate modern equipment; (37) Low
efﬁciency of equipment; (39) Slow mobilization of equipment;
(42) Different tactics patterns for bribes; (44) Delay in per-
forming ﬁnal inspection and certiﬁcation by third party; (47)
Loss of time by trafﬁc control and restriction at job site; (49)
Price ﬂuctuations; (55) Inappropriate government policies;
(56) Thefts done on site; (58) Low motivation and morale of
labor; (59) Low productivity of labor; (63) Labor strikes due
to revolutions; (64) Unqualiﬁed/inadequate experienced labor;
(69) Escalation of material prices; (70) Late delivery of materi-
als; (73) Shortage of construction materials; (78) Delay in pro-
gress payments (Funding problems); (79) Delay in site delivery;
(81) Lack of capable representative; (82) Lack of owner expe-
rience in construction projects; (83) Lack of incentives for con-
tractor to ﬁnish ahead of schedule; (84) Poor communication
and coordination between consultant and contractor; (85)
Slowness in decision making; (86) Suspension of work by own-
er; (88) Mode of ﬁnancing and payment for completed work;
(89) Long period between design and time of bidding/tender-
ing; (96) Ineffective delay penalties; (97) Legal disputes be-
tween project participants; and (99) Unfavorable contract
clauses. Percentages of each category impact were: (1)
‘‘Consultant Related Factors Category’’ equals to 62%; (2)‘‘Contractor Related Factors Category’’ equals to 27%; (3)
‘‘Design Related Factors Category’’ equals to 50%; (4)
‘‘Equipment Related Factors Category’’ equals to 44%; (5)
‘‘External Related Factors Category’’ equals to 31%; (6) ‘‘La-
bor Related Factors Category’’ equals to 54%; (7) ‘‘Material
Related Factors Category’’ equals to 45%; (8) ‘‘Owner Related
Factors Category’’ equals to 48%; and (9) ‘‘Project Related
Factors Category’’ equals to 48%.
7.3. Analyzing and discussion
From studying this project and analyzing the data, it was
found that total planned project duration before start date
was 400 working days, and total actual project duration after
completion was 575 working days. While total actual project
duration before constructing the studied project can be pre-
dicted from the following formulas:
DC ¼ 1:4529 ð600 Þ
PAD ¼ 1:4529 400 ’ 581 Days ð700 Þ7.4. Case study conclusion
From studying and analyzing the previous project, it was
found that there is a variation in total project duration as ac-
tual duration increased from the planned project duration by
43.75% and the predicted actual project duration increased
from the planned project duration by 45.28% with accepted
variance +6 days or +1.53%. Reasons of such increase,
found from analyzing the forms in questionnaires, are the
same.
8. Research ﬁndings and results
Based on the delay factors ranking in Table 5, the mean RIIs
and the ranking of all categories are shown in Table 16, the top
twenty (20) most important factors causing delays were shown
in Table 6, the top twenty (20) least important factors causing
delays were shown in Table 7. According to Tables 8–16,
showing the rank and impact of the grouped factors and the
ranking of the groups as shown in Table 17, three (3) most
contributing factors for each group to delay were mentioned
as follows: (1) Contractor (RII= 79.914%): The contractor re-
lated group of delay factors was the most important group
causing delays. This was mainly due to the factors ‘‘Ineffective
404 R.F. Azizproject planning and scheduling (RII = 83.912%),’’ ‘‘Poor site
management and supervision (RII = 83.896%),’’ and ‘‘Poor
ﬁnancial control on site (RII = 82.304%)’’; (2) Equipment
(RII= 77.497%): Second important group was the equipment
related group, having the most signiﬁcant factors as ‘‘Shortage
of equipment (RII = 84.256%),’’ ‘‘Frequent equipment break-
downs (RII = 79.264%),’’ and Equipment allocation problem
(RII = 76.072%)’’; (3) Owner (RII= 76.542%): After the
equipment, the owner related group of delay factors took place
as the third most important group. The signiﬁcant factors were
‘‘Delay in progress payments (Funding problems) (RII =
85.880%),’’ ‘‘Selecting inappropriate contractors (RII =
82.120%),’’ and ‘‘Inadequate planning (RII = 79.792%)’’;
(4) Project (RII= 76.054%): Following the owner, the project
related group of delay factors ranks as the fourth most impor-
tant group. The noticeable factors were ‘‘Complexity of project
(project type, project scale, etc.) (RII = 78.368%),’’ ‘‘Legal
disputes between project participants (RII = 78.200%),’’ and
‘‘Ineffective delay penalties (RII = 75.368%)’’; (5) Design
(RII= 75.775%): Fifth important group was the design re-
lated group. The prominent factors were ‘‘Design changes by
owner or his agent during construction (RII = 76.769%),’’
‘‘Misunderstanding of owner’s requirements by design engi-
neer (RII = 76.768%),’’ and ‘‘Design errors and omissions
made by designers (RII = 76.752%)’’; (6) Consultant
(RII= 74.304%): Following the design, the consultant related
group of delay factors ranked as the sixth most important
group. The noticeable factors were ‘‘Delay in approving major
changes in scope of work by consultant (RII = 77.304%),’’
‘‘Lack of consultant experience in construction projects
(RII = 75.872%),’’ and ‘‘Poor communication and coordina-
tion between owner and contractor (RII = 74.104%)’’; (7)
External (RII = 74.289%): After the consultant, the external
related group of delay factors took place as the seventh most
important group. The signiﬁcant factors were, ‘‘Different tac-
tics patterns for bribes (RII = 85.688%),’’ ‘‘Sudden failures
actions (RII = 82.112%)’’ and ‘‘Global ﬁnancial crisis
(RII = 78.744%)’’; (8) Material (RII = 73.997%): Eighth
important group was the material related group. The promi-
nent factors were ‘‘Shortage of construction materials
(RII = 76.432%),’’ ‘‘Late delivery of materials (RII =
75.176%),’’ and ‘‘Delay in manufacturing materials
(RII = 73.928%)’’; and (9) Labor (RII = 72.645%): The labor
related group of delay factors was the last and the least impor-
tant group. The noticeable factors were ‘‘Unqualiﬁed/inade-
quate experienced labor (RII = 77.480%),’’ ‘‘Shortage of
labor (RII = 76.944),’’ and ‘‘Low productivity of labor
(RII = 76.272%).’’
9. Conclusion
To improve delay control in construction projects in Egypt,
the inﬂuence of the main factors affecting it must be identiﬁed
and recognized. This research has identiﬁed and, based on the
quantiﬁed relative importance indices, determined the inﬂu-
ence ranks of ninety-nine (99) factors causing delay in con-
struction projects in Egypt. The explored factors were
classiﬁed under the following nine (9) primary classiﬁcations:
(1) Consultant related delay factors; (2) Contractor related de-
lay factors; (3) Design related delay factors; (4) Equipment re-
lated delay factors; (5) External related delay factors; (6) Laborrelated delay factors; (7) Material related delay factors; (8)
Owner related delay factors; and (9) Project related delay fac-
tors. To study the effect of participants’ experience on the ob-
tained results, the results were grouped under experience based
groups of the participants and professional cadre of respon-
dents. The results were compared by studying all participants
to cope with all factors causing delay in construction projects
in Egypt. The paper then quantiﬁed relative importance indices
of delay factors and demonstrated the ranking of the factors
and groups according to their importance level on delay. This
objective was achieved through analysis of interview out com-
ings. According to the computed relative importance indices
(RIIs), all factors and groups were ranked. The paper ad-
dressed the most signiﬁcant factors and groups causing delays,
especially after 25/1/2011 (Egyptian revolution). The most and
the least important factors and groups were achieved through
ranking results. Prediction model for estimating actual project
duration was developed; a real case study tested the accuracy
of prediction model.
10. Recommendations
According to above-mentioned ﬁndings, following points can
be recommended in order to minimize and control delays in
construction projects: (1) Owner must pay progress payments
as fast as possible on time periods in order not to delay the
completeness of project work; (2) It is forbidden to pay any
kind of bribes for any beneﬁciary; (3) Contractors should
not be awarded the job in which they lack in sufﬁcient exper-
tise. They should gain necessary experience before bidding
stage. Inadequate experience of contractor has the most impor-
tance on delay. Contractors with inadequate experience cannot
plan and manage projects properly, and this may result in bad
consequences; (4) Contractors should also pay more attention
to prepare effective planning and scheduling. During construc-
tion, planning and scheduling may be revised, if necessary con-
ditions occur. Only a well-planned and scheduled project can
be well executed; (5) Site management and supervision should
be made in a proper manner. Administrative staff should be
assigned to make necessary arrangements to complete the pro-
ject within speciﬁed time while satisfying required quality and
estimated cost; (6) Owner may demand some design changes
during construction, but to a limit having no adverse effect
on the activities on the critical path; (7) Delivery of the con-
struction equipment and materials on site should not be late
in order to execute work in the planned order; (8) Generally
in large projects, there may be many subcontractors working
under main contractors. If the subcontractor is capable and
reliable, the project can be completed on time as planned. If
the subcontractor under performs because of inadequate expe-
rience or capability, project may face delay. High degree of
sub-constructing may lead to high risk of delays; (9) Perform-
ing inspection and testing by consultant is an important activ-
ity during construction since lower inspection may result in
lower quality of work; (10) The quality and experience of labor
supply may have major impact on projects. Unqualiﬁed labor
may lead to inefﬁcient work and may cause accidents during
construction; (11) Change order is work added to or deleted
from the original scope of work of a contract, which may alter
the original contract amount or completion date. Change or-
ders often lead to claims and disruption of work due to
Ranking of delay factors 405inadequate analysis of the project in its initial stages. Also,
contract conditions, corresponding to change orders, should
be carefully understood; (12) Delay in site delivery, approving
design documents, and progress payments are delay factors
caused by owner. Site should be delivered as soon as possible
after project is awarded. Approval of design documents should
not be delayed, since it could delay the progress of work. Pro-
gress payments should be made on time to contractor in order
to ﬁnance the work; (13) Owner should be as fast as possible in
decision making in order not to hinder the work to complete
the project on time; (14) Since there are many parties involved
in a project, communication and coordination with other par-
ties are a very crucial factors to achieve the project on time.
Effective communication can alleviate most of delay factors.
Proper communication and coordination channels between
various parties should be established during each phase of con-
struction. Any problem with communication may result in se-
vere misunderstanding and therefore delays in execution of the
project. Finally, similar studies can be performed in speciﬁc
types of construction projects, such as utility construction pro-
jects, pipeline construction projects, and dam construction
projects. Detailed studies can be carried out to estimate the
probability of delay (which is very important on project suc-
cess and should be carefully taken into account before bidding
stage) in construction projects by developing and utilizing the
ﬁndings of this study.
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